Finally, the institution needs to decide if they will follow the Essentials and Multispecialty sampling.
Categories of Variables: Strengths and Weaknesses
The NSQIP PUF has several strengths, and most importantly it is a defined clinical database with robust data collection of demographics, preoperative risk assessment, preoperative laboratories, surgical case profile, operative information (►Table 2), postoperative occurrences, and discharge information including readmission (►Table 3). Note these databases listed in the tables are not absolute, as the exact number of variables included in the PUF varies by year, but in general it is greater than 295. The reason for this large number of variables is that some of the data are metadata; for example, lab tests have both the value and the date of collection prior to surgery, and complications include which postoperative day (POD) the complication occurred (e.g., venous thromboembolism [VTE], POD 10). The reason for the variable number of included data points is based on retrospective analysis, for example alcohol use was rarely collected, it may be dropped, and as NSQIP's priorities change, new variables are deemed applicable to a broad range of procedures (such as body surface area) it could be introduced. This fluctuating number of variables does cause some difficulty in the preanalysis phase when trying to combine PUFs from multiple years (theoretical; e.g., 2007 may have 300 variable, 2008 may have 310, and 2009 may have only 295) such that the different PUFs "do not fit together" readily, but this can usually be overcome by a seasoned data analyst.
Preoperative Variables
Preoperative variables include height and weight, such that the body mass index must be calculated locally during the preanalysis phase, laboratories (e.g., albumin), preoperative comorbidities (e.g., cardiopulmonary and renal disease), preoperative medications (i.e., chronic steroids), and treatments according to preoperative condition (e.g., preoperative chemotherapy [within 30 days] and radiotherapy [within 90 days]). The obvious weakness of these variables is that if the preoperative laboratories were not ordered within the specified time frame (i.e., creatinine within 30 days of operation), they will not be available. Likewise, if the preoperative history and physical and medical record do not contain documentation of a specific comorbidity, such as chronic renal insufficiency, it will not be available for analysis and furthermore may lead to an overestimation of the rate of postoperative acute renal failure (ARF; if neither a creatinine nor history of insufficiency is documented preoperatively). Another area of concern might be if a patient received chemotherapy preoperatively at another institution and it was not properly documented locally, these data may be missing. Several studies in our field have been published on preoperative comorbidities, such as cirrhosis and chronic renal failure.
Intraoperative Variables
NSQIP is also particularly robust at collecting procedural data, as defined by Current Procedural Terminology (CPT) codes. Specifically each case is assigned a primary or index CPT code, for example, a laparoscopic total proctocolectomy with ileal pouch-anal anastomosis (IPAA), as well as up to 10 "other" CPT codes (performed by the same surgical team; e. g., extensive adhesiolysis), and 10 "concurrent" CPT codes (not performed by the primary surgical team; e.g., ureteral stents). Note that since NSQIP data are not collected for billing purposes, where multiple CPT codes are all rolled under the primary CPT code, inclusion of the additional other CPT codes is dependent on the individual surgical teams and/ or local SCRs to record. Nonetheless, these additional CPT codes are a fertile ground for inquiry, and may provide insights into the complexity and intensity of care.
Other intraoperative variables of interest include American Society of Anesthesiology's (ASA's) classification, number of intraoperative transfusions, operative time, and length of time under anesthesia. These latter variables are typically obtained from both the electronic health record, which may be a highly reliable data source, and the anesthesia records which are subject to the same limitation as the pre-and postoperative variables: if it is not documented it will not be available for analysis.
Postoperative Variables (Outcomes)
The other area that the NSQIP is particularly strong in is 30-day outcomes. These include traditional outcomes, such as postoperative length of hospital stay, readmission, reoperation, and mortality rates and also robust adverse outcomes including wound complications, complications associated with end-organ damage such as renal failure, cardiopulmonary complications, and neurologic complications. Of note some of these conditions, such as wound infection, may be present at the time of admission and thus would not be considered a postoperative adverse event. One weakness of the postoperative adverse outcomes is they are not presently graded by severity, that is, according to the Clavien-Dindo classification, which has essentially become the ad hoc preferred method for reporting postoperative outcomes as the severity of the complication, and its implications, is typically more important than the specific complication itself.
Sampling Methodology
The case mix will differ for the Essentials and Multispecialty sampling, but in general follows an 8-day cycle, such that the first X number of essential cases (which include targeted procedure as well) are reviewed every 8 days, while for targeted cases (specialty) sampling may occur at a variable rate ranging from 0 to 100%. Zero means that target procedure is collected only as part of essentials, while 100% is the most robust sampling, especially for otherwise low-to medium-volume procedures. At this time, one FTE translated to approximately 40 cases per cycle, more than 620 essential cases, and more than 1,000 targeted cases per year. As additional modules come online at the institutional level, the number of cases per cycle an SCR can review will go down given the increased number of variables associated with the targeted modules. ►Table 4 is a list of the additional variables collected in the targeted colectomy dataset and the Enhanced Recovery in NSQIP (ERIN) targeted dataset.
Additional Weaknesses
Additional potential weaknesses of NSQIP are as follows: abstracts and oral presentations using tools such as WebCrawler, as these will often be associated with as yet unpublished manuscripts. 4. Review the more than 295 NSQIP variables to ensure relevant variables are included: radiation within the last 90 days (definitions are in NSQIP PUF annual user guides). 5. Define your study population (diagnosis and/or procedures): rectal cancer (ICD9 ¼ 154.1) þ proctectomy (CPT 451xx). 6. Request a "chunk" of the PUF, limited to your criteria, from your SCR, SC, or data manager. Note unless one is facile with biostatistical programming, "unlimited" PUF datasets are unwieldy to analyze without either a relational database structure (because each patient encountered can have multiple associated CPT codes) or a dedicated data analyst. However, smaller datasets are much easier to use when getting started. 7. Alternatively individuals at participating institutions can directly request permissions and PUF datasets using the NSQIP Web site. All persons using local or national PUF data are required to submit a Data Use Agreement (DUA) to NSQIP. Also note that in general only the SC, SCR, and/or chief of surgery or section/division chiefs will have access to surgeon-level data. NSQIP was designed to compare hospitals to each other, not surgeons at the local level. This is because the statistics breakdown due to low numbers. Preanalysis: PUF Data Cleaning and Preparation: Once the PUF is obtained, assuming it is obtained directly from NSQIP, the data files are accessed using a biostatical software package. These include SAS, STATA, SPSS, R, and others. All of these programs are relatively expensive and require prior statistical knowledge and specific programming skills. An alternative is JMP-a user-friendly graphical "version" of SAS, which requires relatively little prior training, and YouTube and other online resources are available. Note there are plugins for Excel and online statistical tools, but they are generally not robust enough to handle the amount of data from a PUF unless it is very small (< several hundred patients). Also note Excel is not a database, but a spreadsheet, meaning that each row and column are independent of each other and it is easy to mix them up while sorting, potentially wasting weeks of work, while in a database each column is dependent on the "indicator" row-in other words each row represents one patient and the rows are locked when sorting. Finally, if your project encompasses more than 1 year, PUFs from each year are generally combined into one master dataset, or a relational database used. Note that for NSQIP PUF files, this step can be very time consuming and prone to error, so typically requires a dedicated data manager or data analyst.
Once one can actually look at the data (in most cases as a flat file, or very large table) to use the right statistical test, one needs to go through ideally each and every included variable to assure it has been imported properly (e.g., numeric fields may be imported as categorical) and recoded as needed, from numeric to categorical (e.g., length of stay [LOS] >12 days). Also some variables will ideally be analyzed by constructing a composite variable (e.g., any wound complication ¼ any superficial, deep, or organ space infections; dehiscence); composite variables maybe more clinically meaningful and generally have more statistical power. The variables should then be double checked by distribution analysis to make sure the data are in the proper format and the output analysis will be what you expect, and columns that are not of interest or missing (e.g., albumin if it were missing in 70% of the cases) should be hidden or deleted (former preferred) to ease analysis. Finally, one must consider which patients may have been inadvertently included and excluded. For example if you are focusing on patients aged 18 to 90 years, and some outlying centurions are included and may skew the data, these should be excluded in the preanalysis phase.
After the PUF data are cleaned in the aforementioned manner, the analysis of baseline differences between the groups is performed, as is the analysis of the primary and secondary outcomes. Further analytic discussion is not unique to NSQIP and is beyond the scope of this article.
Examples of NSQIP Clinical Research
The ACS-NSQIP, in its current form, has been in existence 1 They demonstrated that, after multivariable regression, patients undergoing laparoscopic colectomies had a lower risk of overall complications (OCs), surgical site infections (SSIs), urinary tract infections (UTIs), and pneumonia, and had a shorter LOS. Since the publication of this article, many peer-reviewed articles have been written and colon and rectal surgeries have been closely evaluated to determine how to obtain highquality surgical outcomes, with clinical research being the nidus for quality improvement at the surgeon level. The targeted colectomy dataset began in 2011-2012 with 121 institutions and has grown to include 285 hospitals in the 2017 dataset. While the targeted colectomy data are relatively new and have not been published on extensively, it has become clear that the data are crucial to understanding what goes into quality outcomes in colon and rectal surgery. Below is a review of all articles published to date that have used the NSQIP database to analyze outcomes in colon and rectal surgery. Targeted protectomy began in 2016 and now has 8,739 cases from 166 hospitals.
Perioperative Factors and Outcomes
A variety of factors, which are known from smaller studies to contribute the surgical outcomes, have been included in both the NSQIP PUF and the targeted colectomy dataset. These robust data allow for a careful description of a variety of perioperative factors and their relationship on colon and rectal surgery outcomes. Ricciardi et al looked at more than 54,000 patients in the NSQIP PUF undergoing colon and rectal surgery and found that superficial SSI, sepsis, and deep space SSI were the most common adverse events after colon and rectal surgery.
2 They were able to describe, at length, the complications of these types of procedures and how they can prolong postoperative LOS. Mortality increased with the number of postoperative adverse events, and the events most likely to lead to mortality included cardiac arrest, septic shock, stroke, myocardial infarction (MI), and ARF. There are several articles comparing outcomes from emergent and nonemergent colon and rectal procedures. Ingraham et al looked at the 2005-2007 PUF dataset and demonstrated that nonemergent colon and rectal surgery had a 23.9% complication rate and a 1.9% mortality rate, while emergency surgery carried a 43% complication rate, 15.3% mortality rate, and higher rates of almost every complication.
3 This was one of the first groups to compare the data by institution, and found that good outcomes with elective surgery were not associated with quality outcomes for emergency surgery. From these data, they advocated for more quality improvement initiatives for emergency cases. Ballian et al also looked at laparoscopic versus open colectomy for emergency colorectal surgery with primary anastomoses and found that there were no major differences in morbidity or mortality, but laparoscopic procedures had a longer operative time and shorter LOS. 4 However, this study, as with many NSQIP studies, should be interpreted through the lens of selection bias, which we may never be able to truly remove despite multivariate regression analysis. Propensity score matching, sometimes referred to as pseudorandomization, is a relatively new statistical method that can help further reduce the influence of selection and other biases.
5
Preoperative bowel preparation is another popular topic that can now be analyzed more clearly because of the targeted colectomy dataset. In their seminal paper, which has since led to significant changes in bowel preparation utilization across the country, Scarborough et al analyzed the effect of type of bowel prep on infectious outcomes.
6 Utilizing the 2012 targeted colectomy dataset, they demonstrated that in 4,999 patients, those who had mechanical bowel prep with antibiotics preoperatively had a significant decrease in postoperative superficial SSI (3.2 vs. 9.0%), anastomotic leak (2.8 vs. 5.7%), and readmission (5.5 vs. 8.0%) when compared with no bowel prep. They also demonstrated that mechanical and antibiotic bowel preps alone did not improve outcomes.
6
Despite this, Haskins et al did demonstrate that having a bowel prep, both mechanical and mechanical with oral antibiotics did not affect the severity of the leak or the need for reoperation in patients who experienced an anastomotic leak after surgery for colon cancer. 7 Finally, in a 2015 NSQIP study, Kiran et al reported on more than 8,000 patients in the targeted colectomy dataset; they found the group that had MBP (mechanical bowel prep) with OA (oral antibiotics) had a nearly 50% reduction in SSI, anastomotic leak, and even ileus (►Fig. 1).
8
Another great advantage of employing such a robust database to examine surgical outcomes is the detail to which data can be analyzed. Several studies have examined postoperative gastrointestinal dysfunction, also known as ileus, after colorectal surgery in NSQIP. Using the 2012-2013 PUF, Moghadamyeghaneh et al found that the overall rate of prolonged ileus (7 days) after colorectal surgery was 12.7%, and that ileocolic anastomoses had a higher rate than colorectal anastomoses; they also cited an association between ileus and intra-abdominal sepsis and anastomotic leak, emphasizing the importance of considering secondary causes of ileus. 9 Tevis et al examined the relationship between ileus and further downstream complications using the 2012-2013 PUF. 10 They found that over half (59%) of those who developed an ileus had another complication, while those without ileus (25%) had one or more complications. Older age and multiple comorbidities were identified as risk factors for poor outcome after an ileus. In their study on postoperative deep venous thrombosis (DVT) and pulmonary embolus (PE) after colon and rectal surgery, Moghadamyeghaneh et al showed that the VTE rate was 2%, with a 0.2% PE rate. 13 These NSQIP studies can clearly be practice changing, and anemia should be routinely screened for and treated preoperatively. Another study by Sippey et al focused on resident involvement in colon and rectal surgeries for malignancy.
14 Interestingly, their study demonstrated that resident involvement led to increased operative time, readmission rates, and serious, minor, and overall morbidity. However, they also demonstrated that lack of resident involvement led to higher mortality and failure to rescue rates. This decrease in mortality was attributed to resident involvement in the postoperative care of the patient. While their involvement may have directly contributed to an increased complication rate, it may also be possible that either residents were more helpful in identifying and reporting complications, or potentially allowed patients who would have otherwise died with lesser care to survive and accrue more complications. Finally, resident involvement may be a surrogate for level of case complexity, with more complex cases being performed at tertiary referral centers.
Minimally Invasive Surgery
Laparoscopy has become one of the most common perioperative factors analyzed using NSQIP. Kiran 
Colon and Rectal Cancer
One of the most frequently discussed conditions in NSQIP literature on colon and rectal disease-specific publications is cancer. In fact, 8 of the 23 targeted colectomy variables are specific to colon cancer. Thus, when reviewing the NSQIP literature on colon and rectal cancer, it is important to determine if the authors are including the colectomy-targeted variables which provide a much more robust dataset for colon and rectal cancer, or if they are simply using the standard PUF which does not include details such as margin status, nodes harvested, and anastomotic leak rate. 23 Laparoscopy demonstrated a lower morbidity (OR: 1.41 for open surgery), shorter LOS, less need for transfusion, and longer operating time. However, using the "generic" PUF, it is difficult to tease out some issues specific to rectal cancer, such as margins, lymph nodes, and anastomotic leak rates (which initially could only be inferred from patients having intra-abdominal abscesses or sepsis postoperatively). Another study, in which it became apparent that it would be necessary to collect targeted colon and rectal data, was by Nurkin et al in 2013. 24 They analyzed the effects of fecal diversion in patients who underwent low anterior resection (LAR) and demonstrated that there was a significant risk of sepsis, reoperation, and longer LOS in patients with undiverted coloanal anastomoses. However, in patients undergoing LARs, diversion only lead to a higher rate of ARF. There are significant weaknesses in the selection of patients because the authors were forced to separate patients by CPT codes, which are fraught with inadequacies when it comes to specificity of the procedure performed. The authors selected CPT 45113 (ileal anal pouch with or without ileostomy) to fall on the no-diversion side and the only two subsets listed for diversion were CPT 44146 (LAR with colostomy) and 45119 (colonic J-pouch with enterostomy). Compared with other NSQIP studies, the numbers were small to begin with, only 1,791 patients, and therefore even a few patients miscategorized by coders could have potentially skewed the data. While these studies demonstrate the weaknesses of the generic PUF, there was still a significant amount to be learned from these patients. Kwaan 26 Again, they demonstrated a similar increase in superficial SSI in the left side group, but they also identified an increased rate of ureteral injury, conversion to open, and LOS in the left side group. In another interesting study looking at wound complications after rectal cancer surgery using the generic PUF and propensity score matching (a schematic of propensity score matching is shown in ►Fig.
3), Holubar et al found no association between recent preoperative radiotherapy and a composite outcome of any wound complications. 5 This study underscores that there are still many questions that can be answered using the nontargeted PUF, and studying the same topic using the targeted dataset would provide validation of their findings. Another interesting finding from another publication was that being underweight was the greatest predictor of readmission in patients older than 85 years undergoing surgery for colon and rectal cancer. 27 This same study also demonstrated that in patients between 65 and 84 years old, recent chemotherapy was the greatest predictor of readmission. Another interesting study from the targeted colectomy dataset comes from Causey et al, who looked at Model for Endstage Liver Disease (MELD) scores, regardless of whether the patients had liver disease, and outcomes from colon and rectal cancer surgeries. 28 International normalized ratio, creatinine, and sodium levels are all standardly recorded in the NSQIP database and they supply a risk calculator that could potentially be applicable across all patients. They demonstrated that complications increased with MELD score proportionately (OR increase of 1.05 with every 1 point MELD increase). They also demonstrated that MELD was associated with an increase in mortality, but not in the same linear manner. The targeted colectomy dataset has added significantly to the robustness of the literature on colon and rectal cancer. 29 They demonstrated significantly fewer postoperative complications for patients undergoing minimally invasive procedures, including anastomotic leak (3.0 vs. 5.0%), and they were able to control for colon cancerspecific variables including the patient's T stage. Haskins et al Fig. 3 Schematic representation of propensity score stratification used in this study. Using the NSQIP to Perform Clinical Research in Colon and Rectal Surgery Eisenstein et al.
used targeted colectomy data to analyze the effect of preoperative hypoalbuminemia on colon cancer surgery outcomes. They demonstrated a significant inverse association with an increase in a variety of adverse postoperative events in patients with albumin levels less than 3.5 g/dL as well as increased mortality. 30 These effects were much more pronounced in patients undergoing open surgery and those having an anastomosis, and complication rates increased the most below a cutoff of 3.1 g/dL.
Inflammatory Bowel Disease
Inflammatory bowel diseases (IBDs) including Crohn's disease (CD), chronic ulcerative colitis (CUC), and indeterminate colitis, has also been studied extensively. NSQIP has provided a platform to look at large numbers of patients where formerly there were only retrospective single institution studies. By analyzing IBD outcomes, we have seen many of the strengths of NSQIP as well as many of the weaknesses.
The first major IBD-related NSQIP publication examined the rates of VTE after surgery for IBD. 31 They found that in more than 10,000 cases in the 2004-2010 PUF, there was a 2.3% incidence of VTE with a mean of 10.8 days postoperatively (usually after discharge), and risk factors related to developing a VTE were bleeding disorder, steroid use, anesthesia time, emergency surgery, hematocrit less than 37%, malnutrition, and functional status; some of these (bleeding, anemia) are likely related to chemoprophylaxis being held. Additionally, patients undergoing surgery for CUC had a higher incidence of VTE than CD. VTE was again analyzed by Wilson et al across 96,000 colon and rectal surgeries for various disease processes and they validated the aforementioned findings and that the CUC group had a higher incidence of VTE than CD, but used colon cancer as a comparison group and the CUC group still had the higher rate of VTE.
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Surgical site infection after IBD surgery is an important topic that has been investigated. Wideroff et al analyzed the 2006-2011 PUF for outcomes after segmental colectomy for CD, diverticular disease, and cancer (CUC was excluded as these patients underwent nonsegmental/total colectomies). 33 They showed that while diverticulitis and cancer patients had a very similar risk of postoperative SSI, CD imparted an increased risk of any SSI, deep organ space SSI, deep incisional SSI, and UTI, although not superficial SSI. Nguyen et al demonstrated the significant increase in infectious complications for patients on steroids undergoing surgery for IBD. 34 They looked at the 2005-2012 PUF and found that patients with IBD on steroids had significantly higher rates of all complications, intra-abdominal infections, sepsis, and VTE; however, there was no increased risk for mortality. Geltzeiler et al looked at complication rates after stricturoplasties in CD in the 2005-2012 PUF, and found that while complication rates remained the same, the incidence of this procedure decreased from 5.1% of all CD operations to 1.7% over this time. They attributed this decrease either to sampling error-as more nonspecialized centers entered NSQIP over time, the procedure actually being performed less frequently-or to improved medical therapy for CD.
35
Racial disparities in surgical outcomes can often be identified through large database studies. In one study which used the targeted colectomy dataset from 2012 to 2013, black race was associated with a 60% higher postoperative readmission rate than white race after IBD surgery when controlling for other factors, demonstrating the effects of race and possibly socioeconomic status on outcomes in IBD surgery. 36 Arsoniadis et al further showed that African
Americans had a higher complication rate after surgery for CD and that this disparity only disappeared when controlling for comorbidities and ASA score, underscoring some of the health issues associated with racial disparities.
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The inadequacies of NSQIP, in its current state, are laid most bare when analyzing the outcomes after ileal pouchanal anastomosis (IPAA) surgery for CUC. The many nuances of this surgery-whether the surgery was done in 1, 2, or 3 stages, whether they had mucosectomy or double-stapled anastomosis, and whether they were on anti-tumor necrosis factor (TNF) medications preoperatively-are either unavailable or difficult to tease out from the generic PUF. Ileostomy status is also difficult to determine as the CPT code for IPAA includes the phrase "with or without ileostomy." Still, there have been some attempts to explore IPAA outcomes using the generic PUF. Wertzberger et al looked at the 2006-2011 PUF for short-term outcomes of IPAA patients who had undergone pelvic radiation. They demonstrated that there did not appear to be an increase in short-term complications for these patients. 38 From this, they concluded that long-term functional problems associated with ileal pouches in irradiated pelvises were not related to 30-day complications.
Diverticular Disease
As with several other disease processes, early diverticulitis NSQIP studies looked at differences across mode of surgery. This again demonstrates some of the weaknesses of the NSQIP database, as the data rely heavily on surgeon classification at the time of the procedure, which can be somewhat subjective between the two extremes of complete fecal peritonitis and minimal soiling.
Arkenbosch et al compared laparoscopic and open Hartmann reversals using the 2005-2012 PUF.
44 They demonstrated that while only 18% of these procedures were done laparoscopically, patients undergoing laparoscopic surgery had shorter LOS by 1 day, lower morbidity rates (18.4 vs. 27%), and lower rates of incisional SSI, organ space SSI, UTI, sepsis, and reoperation.
Other Colon and Rectal Procedures
Rectal prolapse surgery has also been evaluated using NSQIP. Clark et al used the 2006-2009 PUF to evaluate 816 rectal prolapse surgeries. 45 They showed the likelihood of a patient undergoing a perineal approach increased with age and ASA score; however, after logistic regression, the only independent predictor for postoperative complication was open abdominal surgery (OR: 6.29), and advocated for more laparoscopic abdominal procedures in elderly patients. That same year, Fang et al looked at the PUF from 2008 to 2009 to evaluate the differences in mortality between abdominal and perineal repairs for rectal prolapse. 46 They found that mortality was exceedingly rare after rectal prolapse surgery (7 cases out of 1,621); however, only 1 of these deaths was for an abdominal procedure and the remaining 6
were after perineal repairs. They further substratified by ASA score and found that this trend held up with significance. From this, they advocated for greater utilization of laparoscopic abdominal approaches-although one can argue that since mortality was such a rare event in this series, it is ultimately inconclusive. These two studies both demonstrate some of the difficulties encountered when carefully constructing a large database analysis, because almost any finding can be significant and it can be extremely difficult to weed out selection bias for a surgery when using a label as broadly applied as ASA score or age. It is easy to see how these rare events can easily be influenced by selection bias and potentially lead readers to false conclusions. Endometriosis has also been studied using NSQIP. Thiels et al wrote a descriptive analysis of the 268 patients who underwent elective colorectal resections for endometriosis using the PUF from 2005 to 2014. 47 They found that the patients tended to be healthy and had a relatively low major complication rate (9.0%). When comparing the laparoscopic and open cases in this set, the only differences were LOS (1 day shorter for laparoscopic) and operating time.
To date, there have also been several studies that have examined the increased risk brought about by doing a colectomy at the time of another major surgical procedure. [48] [49] [50] [51] [52] The general consensus is that there is a significant increase in morbidity and mortality by adding significant other procedures to a colon and rectal resection. For example, when comparing patients who underwent en bloc pancreatectomy and colectomy to propensity-matched controls, Paquette et al found that there was a 10-fold increase in pulmonary complications, blood transfusions, and wound dehiscence, and approximately threefold increase in SSI.
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These effects were also analyzed by Kwaan et al in patients undergoing pelvic exenteration. 49 Interestingly, they demonstrated that while adding organ resections increased the risk of SSI, when the cases were controlled for overall operative time there ultimately was no difference in SSI, implying that the risk of SSI increases as a function of the length of surgery. Shubert et al looked at simultaneous hepatectomy and colectomy and compared the observed results of synchronous procedures with the expected results of asynchronous. 48 As expected, there is significant increase in morbidity for simultaneous colectomy and major hepatectomy. They did, however, show that minor hepatectomy (partial hepatectomy) did not add any morbidity and potentially was less morbid than doing the two procedures separately when they factored in the adjusted risk additively of two separate procedures. Finally, the recently introduced ERIN module has been constructed. The pilot studies, although complete, have not been published as of yet, but the module including variables (►Table 2) as well as definitions is available for use at all NSQIP participating institutions.
Validation
One of the keys to maintaining a large dataset is validation. It is vitally important that the data collected be representative of the population as a whole and be accurate so as to be applicable across all practices. It is also necessary that flaws inherent to the system, whether data collection or the various biases, which may be difficult to tease out of the system, are brought to light and addressed so that they do not snowball into greater and greater inaccuracies. There are many ways that this validity has been tested.
Several studies have employed the NSQIP database to help create predictive models from the data and validate these models using known outcomes-such as other databases or previous years' NSQIP data. Kwok 54 They felt that the dataset as a whole was less useful for colon and rectal surgery, as it did not include the intraoperative factors that were already known to impact outcomes in colon and rectal surgery. Interestingly, these two studies demonstrated a similar accuracy in NSQIP at predicting outcomes and demonstrated that it can be up to the author and the reader to determine how accurate a database actually is. This deficiency has since been addressed through the addition of targeted variables for colectomy and proctectomy.
It is also possible to compare NSQIP to already validated models for specific outcomes. Ju et al compared postoperative colon surgery SSI in NSQIP to the National Healthcare Safety Network (NHSN), a center for disease control program that evaluates postoperative infection. 55 They showed that NSQIP was much more sensitive at identifying postoperative SSI (13.5 vs. 5.7%) and that NSQIP was more likely to pick up postoperative infections which were being managed on an outpatient basis. Applying the data to already existing outcomes within a single institution is another accepted way to validate predictive models based on a dataset. Bergquist et al compared predictive models for SSI after colon and rectal surgery based on the NSQIP dataset to their own outcomes between 2006 and 2014. 56 They also compared three other validated models. They found there was actually fairly poor correlation between the predicted and actual outcomes. It should be noted that these data were acquired from the general PUF and do not include the colon-and rectal-targeted data.
Conclusions
Over the last decade, much had been learned about colon and rectal surgery through the data analyzed via NSQIP. Important studies have altered everything from preoperative bowel preparation to postoperative anticoagulation. Despite this, there is still much to be learned. The addition of the targeted colectomy and proctectomy data has only expanded our understanding of the variables which impact outcomes in these procedures, and NSQIP will likely to continue to grow its dataset, as there is increasing demand for more granular information.
